Introduction
The genus Berberis within the family Berberidaceae consists of around 500 species with two major centers of diversity in South America and Eurasia (Ulloa, 2011) . Three species occur in Africa (Harber, 2010) , namely B. vulgaris (North-west Africa), B. holstii (East Africa) and B. hispanica (North Africa). While no species occur naturally in South Africa, Berberis was introduced primarily for its horticultural properties. Around 18 species were reportedly cultivated in South Africa which include B. holstii, B. vulgaris, B. heteropoda, B. hookeri, B. lycium and B. wilsoniae (Glen, 2002) , all of which are susceptible to rust infection (http:// www.ars.usda.gov/Main/docs.htm?docid=9751). Since both stem (Puccinia graminis f. sp. tritici; Roelfs, 1982) and stripe (P. striiformis; Jin et al., 2010) rust use Berberis species as alternate hosts to complete the sexual stage of their life cycle, it is imperative to identify the Berberis species occurring in the country.
Aim
To confirm the identity of naturalized and cultivated Berberis specimens collected in South Africa through DNA sequence analysis.
Materials and methods
Specimens collected from various localities in South Africa (Figure 1c ) include both cultivated and naturalized Berberis specimens (Table 1 ; Keet, 2015) . DNA was extracted from dried leaves using CTAB and the ITS1, ITS2 and matK loci were bi-directionally sequenced. The collected specimens, as well as Berberis species previously cultivated in South Africa and several known rust susceptible Berberis species, were included in the phylogenetic analysis. The outgroups were Nandina domestica, Mahonia aquifolium and Epimedium acuminatum. Relevant DNA sequences were downloaded from GenBank.
A P-value of 0.27 of the partition homogeneity test (heuristic search, 100 repetitions, 10 random additions) allowed the ITS and matK datasets to be combined. Fitch parsimony analysis were carried out in PAUP*4.0b 10 (Swofford, 2003) and gaps treated as missing data. Bootstrap support (BS) (Felsenstein, 1985) was determined from analysis with a heuristic search at 1000 replicates with 100 random addition sequence replicates and tree bisection reconnection.
The Bayesian Inference was performed using the GTR+G+I model as per jModeltest version 2. 
Results and discussion
Five different Berberis species were putatively identified based on morphological traits ( Figure  1b ; Keet, 2015) . Phylogenetic analysis confirmed the identities of three of these species ( Figure  1a) . BER4, BER6, BER7, BER8, BER10 and BER12 specimens collected at Underberg grouped with B. thunbergii (BS = 100%, posterior probability (PP) = 1.0), confirming their morphological identification. Similarly, the BB specimens sampled from the naturalized Berberis population at Tzaneen, grouped with B. aristata and B. chitria which are synonymous species. A 100% BS value supports the grouping of all specimens collected at Golden Gate (AL, ALS, GR, GRS, ALBERG), and the BER2, BER9, BER11 and BJ samples collected at Underberg, confirming their identity as B. julianae. (Figure 1b) . Although both grouped in the same clade with four other species (Figure 1a) , low BS and PP-values made the identification of BER5 as B. vulgaris inconclusive. The identity of BER3 as B. wilsoniae could not be confirmed since no association was found in the phylogenetic tree.
BER5 was morphologically identified as B. vulgaris

Conclusions
The inclusion of an additional locus such as trnHpsbA could improve the identification of BER3 and BER5.
Since they grouped together in the phylogenetic tree, the GRS and ALS specimens could have acted as source plants that formed the naturalized B. 
